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A 
naïve view of scientifi c progress is that 
research provides answers that resolve 
known important problems. Th e reality 
is that one cannot embark upon great 
research without first formulating a question 
suffi  ciently clearly that the ‘simple’ posing of the 
question, in and of itself, identifi es the problem 
that needs to be solved. Let me give an example. 
In the early days of cell biology, microscopy had 
shown that the cell is not homogeneous but con-
tains many compartments. One could have asked 
how mitochondria or nuclei develop, and whether 
their proteins and lipids continue to be the same. 
But a radical solution came from asking a diff er-
ent question: all proteins seem to be synthesized 
by ribosomes that are located in the cytoplasm; 
why do some proteins end up being secreted, and 
others go to specifi c intracellular compartments, 
while still others remain in the cytoplasm? Th e 
key turned out to be that all proteins contain 
molecular signatures (signal sequences) that bind 
to specifi c receptors present in the endoplasmic 
reticulum.1 Th is idea can be generalized so that 
traffi  c in between compartments can also, in prin-
ciple, be produced by membrane proteins con-
taining specifi c sequences in their cytoplasmic 
domains that adhere to and accumulate cytoplas-
mic proteins, thereby allowing vesicle budding 
and later fusion.
It is axiomatic that important questions are 
critical for the progress of science, and there 
continues to be an interest in generating ques-
tions that can nudge a fi eld forward. But who 
should pose these questions — panels of experts 
or individual scientists? Th e US National Insti-
tutes of Health convened a large panel of distin-
guished nephrologists about 20 years ago (as did 
the American Society of Nephrology recently) 
which formulated a list of important subjects that 
needed to be studied, a list that read more like 
a textbook of kidney research than an attempt 
at pushing the fi eld forward. Similarly, Science 
magazine, celebrating its 125th anniversary, 
asked a distinguished panel to pose the impor-
tant remaining questions in all fi elds of science. 
At least one of the proposed questions is relevant 
to our community: “How do organs regener-
ate?” Such panels and committees are generally 
given this task as a means to assign priorities for 
research funding. Of course, a group compris-
ing a broad array of scientifi c expertise generally 
produces a broad set of priorities. Its mandate 
is not to identify the single earth-shaking scien-
tifi c discovery that will change the fi eld forever; 
everybody hopes that this will come about, but it 
can neither be predicted nor legislated. Although 
I have not done a systematic study of these a pri-
ori attempts to fi nd out what the great questions 
are in any fi eld, I would be very surprised if any 
actually produced questions similar in power 
to the one posed above by individual cell biolo-
gists. More oft en than not, the identifi cation of 
a great question is a retrospective aff air: we only 
know that a question was great because it led to 
a great discovery. Government and private agen-
cies might think that setting priorities will lead 
to great research, but the outcome actually is to 
allow a larger number of scientists to work pro-
ductively in a particular fi eld. Th e prerequisite for 
coming up with a brilliant idea in nephrology is 
to think about the kidney in a scientifi c way, and 
being funded to think about the kidney is at least 
necessary, though oft en not suffi  cient.
At least one person seemed to have achieved 
a diff erent outcome by a priori identifi cation of 
important questions in his fi eld. David Hilbert, 
one of the giants of nineteenth-century topology, 
was the president of the International Congress 
of Mathematicians in 1900. His presidential 
address, given in Paris, is considered the most 
infl uential lecture ever given by a mathematician 
to mathematicians; the lecture is still quoted in 
the mathematical and even the lay press and is 
easily accessible in many languages on the web 
(http://aleph0.clarku.edu/~djoyce/hilbert/prob-
lems.html). Th ere have even been recent sympo-
sia devoted to the impact of Hilbert’s lecture on 
modern mathematics. Hilbert began his lecture 
with great fanfare, saying, “Who of us would not 
be glad to lift  the veil behind which the future 
lies hidden?” He then went on to say: “We know 
that every age has its own problems, which the 
following age either solves or casts aside as profi t-
less and replaces by new ones. If we would obtain 
an idea of the probable development of math-
ematical knowledge in the immediate future, we 
must let the unsettled questions pass before our 
minds and look over the problems which the sci-
ence of today sets and whose solution we expect 
from the future. Th e more a branch of science 
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has abundant problems, the more alive it is.” Th en he said, “It 
is diffi  cult and oft en impossible to judge the value of a problem 
correctly in advance; for the fi nal award depends upon the gain 
which science obtains from the problem.” Hilbert also stated 
that there are specifi c criteria that are characteristic of great 
problems. Th e fi rst one is rather surprising; he felt that for a 
great problem, when it is solved, the solution should be easy to 
explain to the fi rst person one meets on the street. Another cri-
terion is that the problem should be diffi  cult, not because great 
problems are inherently diffi  cult but because diffi  culty entices 
great minds. But it should not be too inaccessible. One reason 
the lecture is famous is because Hilbert went on to identify 23 
great mathematical problems in need of solution; not all have 
been solved in the past 100 years or so, but many have, and each 
solution has been received by mathematicians and the lay press 
as a big advance. One recently celebrated solution was that of 
Fermat’s Last Th eorem, a problem Hilbert used in his lecture 
as an example of the ideal problem to solve: diffi  cult, therefore 
enticing, and one that, even when merely approached but not 
solved, led to discoveries in other fi elds.
An interesting modern attempt to identify great problems 
was inspired by Hilbert’s lecture. Th e Bill and Melinda Gates 
Foundation, in collaboration with the Wellcome Trust and the 
NIH, recently announced an initiative entitled “Grand Chal-
lenges in Global Health.” But, instead of identifying the great 
problems facing world health, the initiative’s sponsors asked 
individual investigators or groups to identify the great challenges 
and present research proposals. Th ey received many applica-
tions, and the initial awards, largely in the fi elds of infectious 
disease and nutrition (as expected), have been announced. Th e 
diff erence here is that it is individual scientists, rather than a 
committee, who are identifying great problems. Of course here 
the problems are not of basic science but of applied science; out 
of this proposal great questions indeed arose: what is the best 
way to prevent malnutrition (genetically engineer plants to have 
more nutrients?); what is the best way to allow mass vaccination 
(attempt to provide vaccines that do not need refrigeration?). 
Hence, in its own way, this program arose out of the brains of 
individuals submitting grant proposals rather than from the 
response of scientists to clearly articulated questions posed by a 
funding agency committee.
Unlike David Hilbert, I will not dare to suggest what may be 
the Most Important Unresolved Questions in Nephrology. I 
hope rather to stimulate readers to supply their own versions 
of the great unsolved problems in nephrology. I will collate the 
responses and perhaps ask the respondents to write a few lines 
on why they think each issue is important. But fi rst, a few rules 
that you might fi nd to be helpful.
A great question should not ask something that is obvious, 
such as: protein X is critical for kidney development; what is its 
receptor? Or: erythropoietin is fantastic; why not fi nd a cheap 
oral drug that can substitute for it? Questions also should not be 
too vague, such as: what is the cause of essential hypertension? 
Nor do we want questions that are too grand but not terribly 
meaningful, such as: what is the origin of life on earth?
Th e secret of great questions in biomedicine is that they iden-
tify new biological processes whose descriptions have not been 
clearly enunciated previously. Once a process is described, its 
molecular basis can readily be uncovered. Sometimes it takes 
the development of new tools to identify new processes or 
structures, and hence new technologies are oft en instrumental 
in advancing a fi eld by big leaps; but even here they may be 
necessary but not suffi  cient. Papers are oft en rejected as being 
“too descriptive”; but proper description is the mother of all 
studies. Examples from the recent past can easily be found. For 
instance, the number of cells in Caenorhabditis elegans was tabu-
lated and described over and over again, and Horvitz2 found that 
random mutations in the worm produced worms with a diff er-
ent number of cells. Th is led to the genetic description of the 
pathway for the control of cell number by apoptosis. In another 
example, many studies showed that caloric restriction of labo-
ratory rodents led to life extension, but the underlying cellular 
mechanism was enigmatic. Recently Guarante3 began to study 
this process in a most improbable system, yeast, and has already 
begun to identify molecules involved in this process, although 
so far the pathway at fault is still somewhat obscure. Kenyon4 
and Ruvkun,5 working in C. elegans, approached this problem 
using mutations that extend the life of the worm and remarkably 
found that several genes in the insulin signaling pathway were 
involved. In essence, then, it is the process that oft en leads to 
identifi cation of the solution in these cases: cell number or cell 
death and longevity.
So I invite the nephrology community to tell our readers what 
process in renal research they feel is ripe for a great discovery. It 
will, however, be necessary that the process being identifi ed as the 
source of the question be mysterious and diffi  cult to answer. I will 
then ask the respondents, or others they suggest, to write mini-
reviews on the topics so as to start a conversation that we may hope 
can lead to the solution of our equivalent of Fermat’s theorem.
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